Abstract: High nature value (HNV) farming systems play a crucial role in the conservation of biodiversity across large tracks of the European countryside. The socio-economic viability of these low intensity farming systems is in question, with many facing the stark choice of either abandonment or intensification. This review paper explores the concept of HNV farming and examines the links between grazing management and biodiversity conservation in European HNV upland environments. The paper ends with an analysis of the implications of European agricultural policy for HNV farmland, along with future trends and challenges for HNV farming systems.
Introduction
Contemporary European upland landscapes are the product of a long-standing relationship between natural processes and human activities. The value of such areas as repositories for biodiversity has long been recognised, yet their biological richness has been marked by a steady decline over the past half century (COM 2009; Usher and Thompson 1988) . The main human-induced cause behind this is habitat degradation resulting from intensification or extensification of land use, that often occur on the same agricultural holding. While biodiversity loss is increasingly perceived as an issue of great importance for human welfare, the design of sustainable agricultural and biodiversity policies in high nature value (HNV) upland areas has been found to present considerable challenges. The chief dilemma, as pointed out by Webb (1998: 989) is that although there is a strong rationale for maintaining and enhancing cultural landscapes where they have survived, this is in fact problematic "as the agricultural economy which lay behind them no longer exists and modern agri-environment schemes are not at present an adequate substitute".
European policy has come to view low-intensity farmers as custodians of the landscape and instigators of the new multifunctional rural development model rather than as food producers. The consequence of this is that landscape and biodiversity benefits which previously arose as mere by-products of traditional farming practices are now increasingly regarded as positive externalities to be actively managed and paid for by the public sector ; Vos and Meekes 1999; Green and Vos 2001; Plieninger et al. 2006) . No market mechanisms exist to remunerate producers for the provision of environmental goods and services, including biodiversity and landscape maintenance. This absence of markets for public goods valued by society, often referred to as the 'missing market phenomenon' (cf. Nowicki 2004) , not only 117/178 legitimises but necessitates state support to secure the production of vital goods and services that otherwise would run the risk of being underprovided. The double dilemma for both scientists and policy makers, is how to 'engineer' the environmental goods and services that hitherto were merely by-products of traditional farming systems; and how to create a market for nature conservation?
It has become widely acknowledged that European farmers of the 21 st century are expected to produce more than food and fibres. The so called European Model of Agriculture (EMA) agreed in the Agenda 2000 reform package to the Common Agricultural Policy (CAP), embraces both market liberalization and multifunctionality as its leading concepts. What is largely lacking, however, as Bignal (1998) reminds us, is a public debate on what we mean by and expect from the European Model of Agriculture, so that this can be translated into specific, measurable and defensible environmental and social goals. There is also uncertainty surrounding the concept of 'public goods' as a vehicle for integrating biodiversity and other ecosystem services into agricultural and other policies (Cooper et Agri-environment schemes provide assistance for the maintenance of traditional cultural landscapes in some areas, but their impact has so far been described as rather narrow (Kleijn and , it then becomes necessary to understand how these farming systems work and how they can be maintained into the future. The aim of this review paper is firstly to explore, via the literature, the concept of high nature value farming, and secondly to examine the links between grazing management and biodiversity conservation in European HNV upland environments. We start with an overview of the HNV concept, followed by an analysis of the biodiversity impacts of traditional HNV grazing practices on semi-natural European uplands, and end by positioning the debate within the current multifunctional agricultural model.
The High Nature Value Farming Concept
The term High Nature Value (HNV) farming is used to describe broad types of farming that, because of their characteristics are 'inherently high in biodiversity' (EFNCP et al. 2010:5) . Typically these are traditional low intensive farming systems, usually found on poorer land with high levels of semi-natural vegetation (cf. Beaufoy 2008; Beaufoy and Cooper 2009). Since the 1990s there has been a growing recognition that the conservation of biodiversity in Europe cannot be met solely by protecting particular habitats, species or areas, such as under Natura 2000; we must also maintain the low intensive farming practices that co-create such landscapes and biotopes. HNV farming systems tend to generate low incomes from the market and also they usually receive the smallest CAP 'Pillar 1' income payments. The pressure is therefore on HNV farmers to either abandon or intensify their farming system in the search for better returns -both paths are major causes of biodiversity loss and of the decline of other ecosystem services, especially associated with extensive livestock systems. Traditional, low-intensive farming systems are found throughout the European Union where they exist in a variety of environments, climatic conditions, economic contexts and production systems. However, they tend to be concentrated in less productive, peripheral areas, such as southern and eastern Europe and in mountainous regions, and they largely overlap with less favoured areas (LFA). The European Environment Agency (EEA) and the European Commission (JRC) estimate that about 30% of farmland in the EU may be HNV farmland, and in several countries the figure is considerably higher (Paracchini et al. 2008 ; EEA 2004, [see Figure 1] ). The diversity in HNV farming systems has arisen out of a fundamental requirement to suit available resources and 118/178 local social needs, and stands in stark contrast to the industrialised agricultural sector that is marked by homogeneity of livestock breeds, resource use and management systems (Beaufoy 2008; Beaufoy et al. 1994; Bignal 1998 Bignal , 1994 , 2000 Luick, 1998; Baldock et al. 1996 The concept of High Nature Value (HNV) reflects in itself a paradigm shift in European policy away from production towards public goods provision. HNV farming commitments were established first in the 1998 EU Biodiversity Strategy (COM 1998), with the explicit objective "to promote and support low-intensity farming systems..." (Beaufoy 2008:3) . However, a fundamental shift in CAP funding away from intensive farming to provide support for these beneficial land uses and the resultant public goods, has not yet occurred. Alternatively, HNV farming is frequently criticised from a global food perspective. As Poux (2010b:4) put it; "It is understood as a selfish, wealthy European vision, with citizens able to pay for nice 'gardened' landscapes and quality food, forgetting the poor both inside and outside Europe". It is estimated that we will require at least a 40% increase in global food production to feed the projected 9 billion people that will inhabit the Earth in the coming decades (Vidal 2010 Hopkins (1991) stated that HNV farming comprises of system's which are heavily dependent upon vegetation composed of wild plant species for grazing or fodder production. This applies to farmland that has not been fundamentally altered through drainage or the large-scale improvement that became a defining feature of modern agricultural systems over the past half century. The presence of natural and climatic constraints that inhibit the mechanisation and intensification of farming, in for example the uplands, not only restricts the percentage of land available for utilisation, but also results in a diverse mosaic of biodiversity rich semi-natural vegetation, interspersed with other types of land cover, such as, varied field margins, exposed rock, water bodies, woodland and scrub, offering a rich combination of habitats (Brak et al., 2004) . The generally low levels of external inputs of fertiliser and agro-chemical on semi-natural vegetation create conditions that are essential for the survival of numerous plant species that are intolerant of high nitrogen and phosphate levels (Beaufoy et al., 1994) . At the same time, the low nutritional value of semi-natural vegetation severely restricts the land's carrying capacity and sustains a lower livestock density with accordingly low inputs of organic nutrients. Under these circumstances, grazing pressure can only be sustained for limited periods of time and herbivores must be frequently moved on to another area. This process leads to high structural heterogeneity and diversity of vegetation being of benefit to many birds and invertebrates (Baldock et al. 1996; Fuller 1996) .
Within HNV farming systems, use is frequently made of hardier, often regional livestock breeds of great genetic diversity that are well adapted to local environmental and climatic conditions, and can survive largely on rough vegetation with little concentrate feeds. While typically resulting in a low yield per hectare and being of limited contemporary market value, Aich and Waterhouse (1999) comment that the utility of such grazers goes beyond obvious economic concerns as they are capable of not only delivering important environmental services, but also of converting low-quality resources to high quality protein (meat and milk) and a multiplicity of other products including wool, hair, hide and dung.
While the majority of studies focus their attention on ecological and economic aspects of high nature value farming systems, an integrated systems perspective requires the inclusion of social principles. In this context, Baldock et al. (1996) cites the importance of long-established, often labour intensive management practices, such as transhumance, shepherding, hay-making and controlled burning. The long periods of stability and continuity in traditional management techniques, contribute to enhancing the structural diversity of vegetation. The flip side of this is that opportunities for change or agricultural adjustment may be impeded by traditional attitudes, fragmented holdings or the inability to move assets to different uses (MacDonald et al., 2000; Luick, 1998) . HNV farming systems are often intended to meet individual needs rather than maximising economic profit (Konold 1998 ). An important social factor contributing to the overall functioning of HNV farming systems is the principle of multiple uses, denoting the interaction between public, common and private land use that is often found in remote and marginal areas, where traditional farming systems tend to persist. These systems have frequently developed to 120/178 accommodate a multiplicity of interests and translate into a diverse mosaic of different land use types, necessitated by the topography and climate of an area, and its mixture of habitats (Berkes and Folke, 1998; Short, 2000; Kissling-Naef et al., 2002). These traditional farming systems were inherently multifunctional, before it became a fashionable policy term. Ironically, they are also the ones under the greatest risk of abandonment today. Kramm, 2009 ). Figure 2 , shows how the ecological, economic and social aspects of high nature value farming systems can be integrated within a single conceptual framework. In the next section we will examine in more detail the application of this model within the context of grazing management and biodiversity conservation in European upland environments. Grime -1979 .
Fig 2. Conceptual Representation of HNV Farming Systems (Source:

Biodiversity Conservation and Grazing Management in European HNV Uplands
The impacts of grazing on vegetation
The theory underlying much of this work is based on the widespread recognition that vegetation systems have an inherent inclination towards a single climax state with grazing working in the opposite direction of the successional tendency. Hence the assumption that grazing pressure can be made equal and opposite to the successional tendency, producing an equilibrium in the vegetation at a set stocking rate. The principal task then becomes one of defining, typically through modelling, the stocking rate that produces the desired vegetation state for a given system by striking a balance between the natural successional process and the grazing pressure needed to arrest it. If the stocking rate is increased, the system moves away from its climax state, if it is relaxed it moves closer towards it (see Figure 4) . The concept of carrying capacity, translated into prescribed stocking rates, is frequently the principal tool under any given grazing management objective. There is, however, increasing evidence that such natural science attempts to deal with upland management by prescribing optimal grazing strategies is problematic (Riedel et al. density has an important role to play, future research will have to go beyond such an approach to gain a deeper understanding of the underlying social, economic and ecological processes rather than solely focus on their outcomes.
Grazing for Conservation
Rather than using the sole indicator of stocking rate, the impact of grazing on the uplands is determined in large part by type or breed of livestock, time of year, length of grazing periods, herd or flock size as well as animals' age, sex and their spatial location in the landscape. Sheep tend to choose a high percentage of their diet among preferred plant species that significantly affects the floristic diversity of vegetation communities (Brak et al., 2004; Rook, 2004) . Similar to cattle, they lack upper incisors and are thus unable to cut their food, yet they can bite closer to the ground than either cattle or horses (Swales et al., 2004) . As a result, the preferred grasses become rapidly depleted in densely stocked areas. In the case of large, unfenced areas under a low stocking regime, however, sheep tend to congregate in places with better quality forage while poor vegetation becomes tall and unpalatable. Heather, in particular, can become leggy and degenerate in the absence of grazing. Controlled burning then becomes necessary to rejuvenate it and enhance the nutritional value of young shoots (Brak et al., 2004) . It is important to consider that the response of heather to fire is highly variable, depending on the type of habitat burnt and the age of the heather as well as the temperature and duration of the fire (Fielding and Haworth 1999) . Traditional practices like burning have an important bearing on the environmental effects of sheep grazing in upland areas.
There is ample evidence in the literature that the impact of cattle grazing differs significantly from that of sheep. Gordan and Iason (1989) specify how, owing to their larger mouth parts and lower metabolic requirements, cattle are less selective in their feeding than sheep and can exist on forage of lower nutritional value. Cattle walking through high vegetation, for example, disturb invertebrates that are vital food sources for birds and bats. At the same time they provide important corridors for a number of small mammals as well as for moorland and woodland birds. In particular, they facilitate the movement of broods of young birds during the breeding season (Fuller 1996; . Cattle dung is not only nutrient rich but also supports a range of invertebrates that birds and small mammals prey on. This is well illustrated by ). This also points towards the importance of not just spatial but also temporal scales in the assessment of biodiversity, as well as the difficulty of setting baseline biodiversity targets (e.g agri-environment policies), since current indicators may reflect past rather than present grazing and management practices.
When considering the environmental and biodiversity impacts of livestock grazing, it is important to also acknowledge the influence of a range of abiotic factors (like climate, nutrient supply and drainage) and how they combine with biotic factors to create conditions impacting on function, structure and diversity of the vegetation. In addition, grazing has consequences for the microclimate of the soil and sod. Changes in these conditions are known to affect seed germination and the establishment of species of grass, herbs and woody plants, especially when interacting with moisture content and locally available nutrients (Brak et al., 2004 ). This complexity renders it rather difficult to distinguish which factor is of greatest consequence, with 123/178 Kuiters (2002) commenting that conclusions regarding the effects of grazing tend to be assumptions rather than the sum of substantial factual evidence.
From the above discussion on upland grazing it is apparent that management for biodiversity is highly complex and context dependent, and there is a constant trade-off between conservation and livelihood outcomes. . It is unlikely that any one management type will provide everything required by all species. Paying due attention to important contextual variables and how they influence optimality is therefore critical. To the extent that there is variation in social, economic and ecological systems, a much more flexible approach to conservation is required. In this sense, Bignal (1998) suggests that setting target limits of tolerance for a system, rather than defining optimum conditions for some of its components' should be the objective of integrated ecological-economic management. Instead of prescribing stocking rates, such an approach would favour policies focused on avoiding thresholds and monitoring the sum of capital stocks (i.e. natural and other capital) by looking at the functional parameters of a system's joint ecological, agricultural, and socio-economic components.
To date, little research effort has been devoted to identifying potential solutions that combine biodiversity-sensitive farming with socio-economic policies that help to improve livelihood outcomes for livestock owners. This, however, is imperative in view of the emerging multifunctional agricultural regime that is based on a novel relationship between modern agriculture and rural society, and is no longer defined by a single production-oriented goal (Kristensen et al., 2004 ).
The Inclusion of Human needs into HNV Conservation Grazing Issues
Sheep husbandry in Europe traditionally provided subsistence farmers with multiple important products such as meat, milk, wool and skins. Until relatively recently, the main product of extensive sheep farming in northern Europe was wool. Reduced demand due to increased use of synthetic fibres led to a gradual and ongoing downward trend in wool prices beginning in the late 1960s. The consequence was a movement of resources into the production of other commodities. Meat is now the main income-generating product of European sheep farmers whereas wools and skins, on the other hand, have lost their economic importance. Luick et al.
(1998) observed that shearing costs often exceed revenues generated by selling wool.
Contemporary sheep keeping is therefore facing difficulties; and current market prices for the sale of meat lambs cover little more than production costs, and a large part of sheep farmers' income is made up of subsidies (O'Rourke and Kramm 2009; Winter et al. 1998 ). The continued existence of extensive sheep keeping therefore seems to be dependent on the production of high quality meat lambs sold for premium prices, possibly to niche markets. This, however, poses problems for HNV farmers as quality meat production necessitates a complete re-orientation of production systems that are geared towards wool production. Luick (1998:980) The isolation and natural handicaps often experienced in marginal upland areas reduce competitiveness and limit the scope for technical and structural adaptation. As previously stated, the inhabitants of such areas are often less adaptable due to age, lacking skills and opportunities, risk aversion and deep-rooted tradition (see also Walther, 1986; Campagne et al., 1990; MacDonald et al., 2000) . Perhaps the most trying problem facing such areas over the medium to long term, however, is the scarcity of farm successors to be accounted for by a combination of declining incomes, a shortage of suitable employment opportunities to supplement farm incomes, long working hours and low social status associated with traditional farming. Case study research on the uplands in SW Ireland, found that from a sample of 80 hill
124/178
sheep farmers, only 19% made a viable living solely from farming (but on average farming constituted 61% of family farm income), and almost 50% did not have a designated successor (O'Rourke and Kramm 2009).
Land Abandonment
The abandonment of agricultural land and traditional farming practices is widely recognised as one of the main threats facing European HNV mountain areas, (cf. 
The Drivers of Change
In what was one of the first comprehensive studies on an increasingly topical issue, Baldock et al. (1996) looked at several European countries and found areas with physical and socioeconomic obstacles to modern agriculture to be most vulnerable to the various forms of land abandonment. Steep and terraced slopes wet areas without drainage and areas distant to roads and construction zones were among the main factors identified as increasing the likelihood of abandonment. Turenne (1991) argued, however, that the presence of environmental constraints on its own failed to satisfactorily explain the current transformations of landscapes. He argued that land abandonment needed to be placed within the context of larger changes affecting European farming, including the move towards non-agricultural use of land, changing labour markets and declining relative prices for agricultural products (see also DLG, 2005) . This is largely consistent with the findings of Strijker (2005) , who describes off-farm opportunitieswhich effectively increase the opportunity cost of agricultural labour -as the main determinant of land abandonment. Similarly, earlier studies by Walther (1986) have singled out the presence of significant income disparities between agricultural and non-agricultural jobs, as well as the inability to modernise land use and road infrastructure developments due to the physical constraints of upland areas, as the most important drivers of land marginalisation.
While rural depopulation is generally assumed to be an important contributor to land abandonment, Gellrich and Zimmermann (2006) also describe immigration and speculation on land value as an important contributory factor. In essence, the hypothesis underlying the majority of studies is that land where cultivation costs are not covered by yields seems to be favoured in terms of abandonment (see also Mottet et al., 2006) , with most work undertaken to date remaining firmly anchored in a rational choice theoretical framework. In case study work in the Irish uplands O'Rourke and Kramm (2009) found that abandonment and intensification frequently occurred on the same farm. In an attempt to reconcile sheep farming with off-farm work, many hill farmers had simplified their farming system, concentrating production around reclaimed 'green land' and effectively abandoned inaccessible parts of their farm, including the high uplands.
An investigation by Grinfelde and Mathijs (2003) , who conducted an econometric analysis of farmers' choice regarding land abandonment in Latvia, revealed that short and long-term farm management decisions, farm income, land price, social capital, personal characteristics and the physical conditions of land all have a significant effect on the amount of land abandoned. These findings somewhat refute the results of earlier studies by implying that the low profitability of farming and the low quality of the land, both typically mentioned as the key reasons for land abandonment, are not the sole explanation. Indeed, as argued by Grinfelde and Mathijs (2003) , land abandonment seems to be part of a more complex set of factors related to the management of a farm business, non-economic preferences, avoidance of economic risk, uncertainties and path dependencies all of which are easily overlooked when employing models based purely on the assumption of utility-maximisation. The decision to continue farming marginal land in a certain manner is not only based on economic viability; farmers have been found to continue farming even if this is not the case. The strong preference for farming as a way of life, the maintenance of family tradition, the value of living in a rural area and the lack of gainful alternatives for land, machines, buildings and labour are all known to play an important role in keeping farmers on the land (Strijker, 2005; Potter and Lobley 1998) . And yet, apart from a few notable exceptions, little research effort has been devoted to revealing the underlying attitudinal and non-economic forces that cause land use to change. , which includes a substantial amount of HNV farmland, that cannot compete with more favourable areas in terms of food production. Nor can they buffer the inevitable global market price fluctuations. The MTR reorients such farmers away from production incentives towards the so called Second Pillar of the CAP -concerned with rural development and countryside maintenance, including biodiversity conservation and agri-environment schemes. It is important to remember, that of the current CAP budget of approximately €53bn, over €40bn are spent every year on 'Pillar 1' income payments to farmers (Blacksell 2010) . It has been argued that much of the money of 'Pillar 1 goes to farms that are commercially viable without income payments. As payments to Europe's more productive farmers are due to be phased out after 2013, it is, as argued by Beaufoy (2008:2) , important to have clearly identified the types of farming that still need and are justified in receiving public support.
European
Along with the EMA another term that has crept into CAP terminology is the notion of 'rural postproductivism' or the 'post-productivist countryside, defined as an antithesis to the former 'productivist' ethos. Post-productivism has emerged as a new framework for describing the realignment of the agricultural sector within the wider socio-economic transformations of the European countryside (cf. Marsden, 1999; Marsden et al., 2002; Wilson, 2001 Wilson, , 2007 Murdoch et al 2003; van der Ploeg) . While the literature on post-productivism seems to suggest an alternative evolutionary pathway for the European countryside based on more diverse landbased activities, such as recreation, tourism, niche food markets, biodiversity conservation and the provision of other environmental services, along with a decline of the traditional family farm, a strong critique of the latter has emerged in parallel. Morris and Evans (1999:352) 
Conclusions
Traditional HNV extensive farming systems and their associated landscapes and biodiversity form complex systems whose social, economic and ecological components cannot be viewed in isolation. It was argued that the currently observable trend of polarisation in land usecharacterised both by conversion of low-intensity farming systems to intensified use or abandonment of production -poses a serious threat to the biodiversity contained in seminatural European landscapes, with the uplands being a case in point. Recent changes in the CAP, leaving farmers increasingly exposed to the free market are the single most important drivers of change in such landscapes, yet several other factors relating to demographic and social change also have an important bearing on the future of Europe's HNV areas. Since there is no reason to assume that the pressure from market forces on traditional farmers will come to a standstill, increasing attention must be paid to market conditions to assess the future adaptation and evolution of HNV landscapes. How will marginal farmers be able to respond to increasing competitive pressure while continuing to farm in a manner consistent with the economic, environmental and social aspects of sustainability? There is also a need to see how HNV farming enterprises can be best integrated with other sectors like tourism, forestry, recreation and landscape management. As noted by Plieninger et al. (2006) , mechanisms must be found and implemented so that the ecological services provided by extensive farming systems are rewarded by society, or can be linked to new economic objectives based on for local value added products, niche markets and direct sales so as to enhance the living standard of farm families.
The sustainable development of European cultural landscapes and the conservation of their biodiversity requires actively involving local land users and responding to their needs. This fact is reflected in the latest CAP reforms that make multifunctionality one of the leading concepts of the EMA, yet there is a certain potential for policy conflict. Enhancing the living conditions of marginal farmers requires integration through a broader approach to rural development in the areas concerned than has previously been the case. While the answer to many of these concerns was thought to have arrived in the new agricultural policy framework and its emphasis on agri-environment schemes, evidence shows a certain mismatch between the holistic concept of agricultural multifunctionality and the sectoral approaches used to implement it.
Part of the reason for this is the lack of disciplinary integration in empirical research on the development of HNV farming systems, taking into consideration all their interrelated components. This is, admittedly, a drastic change of direction away from current agrienvironment policy with its emphasis on physical management. At the same time, it is a move closer towards the integrated rural development of the Agenda 2000 debate that would allow all the environmental and economic aspects of Europe's cultural landscapes to be incorporated into an inclusive governance and management framework (Lowe and Ward, 1998; Potter and Lobley, 1998). But, as observed by Brodt et al. (2006) , we cannot expect farmers to adopt management strategies whose values are inconsistent with their personal values. Far more attention needs to be given to farmer's decision making process and livelihood strategies if we are to understand why to date they have opted for off-farm work rather than multifunctional farm diversification. Jones (2008) observed that the real challenge is how to change HNV methods of farming from a necessity to something which is socially respectable and economically viable. Enrichment either via the market or via agricultural policies has yet to happen, and HNV farming remains outside the mainstream.
This gives rise to two outstanding research priorities. The first one is related to gaining a deeper understanding of how these complex HNV farming systems work. This involves being aware of the social-ecological system under consideration, as well as the contextual factors that lead to their continual evolution and adaptation. This is vital if we are to formulate policies that enable systems to self-organise in a socially acceptable way.
The second research priority pertains to finding out why marginal farmers decide to continue to farm in traditional ways. This involves identifying -on a local level -the problems, constraints and opportunities related to biodiversity-sensitive farming in multifunctional landscapes. For example, what are the effects of generational change on farm management within HNV farmland? Or, what components of the socio-economic system under consideration are of particular importance for supporting HNV landscapes into the future. Similarly, HNV indicators must not be confined solely to farming system and ecological criteria; we must understand the mentality, values and decision making process behind the quantitative indicators.
